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There  is growing  interest  regarding  the  impact  of affect-biased  attention  on psychopathology.  However,
most  of  the  research  to date  lacks  a  developmental  approach.  In the  present  review,  we  examine  the
role  affect-biased  attention  plays  in shaping  socioemotional  trajectories  within  a  developmental  neuro-
science  framework.  We  propose  that affect-biased  attention,  particularly  if  stable  and entrenched,  acts  as
a developmental  tether  that  helps  sustain  early  socioemotional  and  behavioral  proﬁles  over time,  placing
some individuals  on  maladaptive  developmental  trajectories.  Although  most  of  the  evidence  is  found  in
the anxiety  literature,  we  suggest  that these  relations  may  operate  across  multiple  domains  of  interest,
including  positive  affect,  externalizing  behaviors,  drug  use,  and  eating  behaviors.  We also  review  the  gen-
eral mechanisms  and  neural  correlates  of affect-biased  attention,  as  well  as  the  current  evidence  for  themotion
rain development
ndividual differences
co-development  of attention  and affect.  Based  on  the reviewed  literature,  we  propose  a  model  that  may
help us  better  understand  the  nuances  of affect-biased  attention  across  development.  The  model  may
serve  as a  strong  foundation  for  ongoing  attempts  to identify  neurocognitive  mechanisms  and  intervene
with  individuals  at risk. Finally,  we  discuss  open  issues  for  future  research  that  may  help  bridge  existing
gaps  in  the  literature.
©  2016  The  Authors.  Published  by Elsevier  Ltd.  This  is an  open  access  article  under  the  CC  BY-NC-ND
license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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cognitive or “cool” components of attention development and func-
. Introduction
Attention mechanisms play an early and pervasive role in shap-
ng behavior. Historically, much of the literature has focused on
∗ Corresponding author.
E-mail address: sum260@psu.edu (S. Morales).
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/).tioning. Thus we have a strong literature base examining, for
example, the impact of attention on learning and memory (e.g.,
Amso and Scerif, 2015). Recently, there has been more direct exam-
ination of the role attention may  play in eliciting and supporting
broad proﬁles of socioemotional functioning. As will be noted
below, a rapidly growing literature suggests that attention bias to
threat may  play a causal role in the emergence of anxiety and non-
clinical social withdrawal. Indeed, laboratory manipulations using
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.
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Fig. 1. An illustration of the dot-probe task. In the dot-probe task, participants see a pair of stimuli simultaneously, one emotionally salient (e.g., threatening) and one neutral
(e.g.,  non-threatening), most often for 500 ms.  A probe replaces one of the two stimuli. The individual is required to respond as accurately and as quickly as possible to the
probe.  An attentional bias towards emotional stimuli is inferred when participants preferentially attend to emotional cues, resulting in decreased reaction times to probes
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Leplacing the emotional stimuli compared to the neutral stimuli. A direct extension 
ffect-biased attention. The training procedure only uses incongruent trials. The log
ndividual implicitly learns to attend towards the neutral stimuli/away from the em
ttention bias modiﬁcation (ABM; explained in Fig. 1) appear to
mpact even entrenched patterns of anxious thought and behavior
Eldar et al., 2008; Hakamata et al., 2010). While this literature has
arnered a great deal of recent interest, it represents only a small
ortion of the complex relations across time and levels of analysis
etween attention and socioemotional behavior. Given the per-
asiveness of attention as a cognitive mechanism, the distributed
eural networks supporting attention, and the early emergence of
ndividual differences in attention in infancy and childhood, we
uggest that attention plays a broad and sustained role in socioe-
otional development.
Affect-biased attention, as used by Todd et al. (2012), refers to
attentional biases that cause preferential perception of [any] par-
icular category of stimulus based on its relative affective salience”
p. 365). In this review, we propose a developmental model of
ffect-biased attention, in which individual traits and character-
stics help shape the speciﬁc components of the environment that
re deemed salient. At the extreme, salience may  track constructs
ighlighted by condition-speciﬁc psychiatric concerns (e.g., food
n eating disorders or spiders in arachnophobia). Salience may  also
rack developmental concerns, as seen in normative data indicating
n attention bias to negative facial stimuli in infancy. In addition,
nvironmental experience can help deﬁne salience. For example,
hildren exposed to violence or maltreatment are especially sensi-
ive to anger cues. As a rough analogy, one can point to language
echanisms that are both experience expectant and experience
ependent (Greenough et al., 1987; Werker and Tees, 1992). In our
odel, affect-biased attention acts as a general mechanism that
ighlights cues that reﬂect past history and are relevant to con-
urrent motivational states, guiding the individual to meet his/her
oals. In this way, a single processing mechanism may be respon-
ible for both positive and negative attentional biases.
In this model, we also suggest that affect-biased attention
nﬂuences cognitive and emotional development from infancy.
or example, preferential attention allocation toward emotion-
lly salient objects emerges early in development, likely due to
peciﬁc perceptual markers (e.g., the curvilinear body of a snake;
oBue et al., 2010). In the competition for limited attentionaldot-probe task has been attention bias modiﬁcation (ABM), which is used to reduce
at by having the probe replace the emotional or neutral stimuli in all the trials, the
al stimuli.
resources, infants prioritize objects that provide information about
danger and reward (Peltola et al., 2008). No other object is as
closely tied to survival, punishment, and reward as the human face
(Hoehl and Striano, 2010). Due to the coupling of perceptual cues,
rewarding daily events (e.g., feeding), and long hours of exposure,
infants quickly begin to show preferential looking to human faces
(Leppänen and Nelson, 2009). This preference is magniﬁed when
the face also conveys an emotional threat signal. Thus, this par-
ticular example of affect-biased attention is early appearing, likely
rooted in evolutionary concerns, and has the potential to inﬂuence
broad patterns of socioemotional behavior throughout life.
Expanding from this early foundation, our proposed model
places the concept of affect-biased attention into a developmen-
tal framework. More speciﬁcally, it suggests that affect-biased
attention, particularly if stable and entrenched, helps sustain early
socioemotional and behavioral proﬁles over time, even in the face
of internal and external forces that typically act to ameliorate early
extreme tendencies. In order to account for normative develop-
mental variations as well as for individual differences in attentional
patterns, our model argues that affect-biased attention builds on
the development of different attentional components proposed by
the cognitive literature (Posner, 2012) and draws in the speciﬁc
traits and characteristics of the individual. We use this model to
make the following predictions: (I) Affect-biased attention is not a
single construct; rather it emerges from the interaction of multiple
attentional systems; (II) Affect-biased attention develops and its
role in socioemotional functioning changes due to maturation and
experience; (III) Affect-biased attention acts as a domain-general
mechanism. This prediction suggests that affect-biased attention is
not limited to attention bias towards threat and internalizing disor-
ders, but that these relations may  hold across multiple domains of
interest (e.g., positive affect, externalizing behaviors, drug use, and
eating behaviors); (IV) The relation between affect-biased attention
and socioemotional functioning is reciprocal rather than unidirec-
tional. In the following sections of the review, we examine the
existing data that support each of these predictions. Finally, we  dis-
cuss issues for future research that may  help bridge existing gaps
in the literature.
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. What are the basic attention mechanisms behind
ttentional bias?
Attention is not a single construct, but rather constitutes a series
f mechanisms and processes that are both distinct and interrelated
Raz and Buhle, 2006). That is, while sub-components of attention
re thought to play specialized roles in supporting cognition and
ehavior, multiple components of attention work together to sup-
ort real-world behavior (Fan et al., 2009; Petersen and Posner,
012). Perhaps one of the most prominent is Posner’s model of
ttention, which proposes three core systems: alerting, orienting,
nd executive attention. The alerting system serves to achieve and
aintain a state of heightened sensitivity to incoming stimuli. It is
ssociated with brain activity from the locus coeruleus, cingulate
reas, as well as frontal and parietal areas of the cortex (Posner,
012) and is modulated mainly by norepinephrine.
The orienting system prioritizes information from sensory
nputs for further processing. This system is believed to be mod-
lated by cholinergic activity and related to activity in the superior
arietal lobe, temporal parietal junction, frontal eye ﬁelds, superior
olliculus, and pulvinar (Petersen and Posner, 2012). These struc-
ures are heavily interconnected with emotion-related regions such
s the amygdala. For example, the superior colliculus has projec-
ions to the amygdala via the pulvinar (Tamietto and de Gelder,
010), supporting the claims that the amygdala mediates orienting
esponses (e.g., Carlson et al., 2009; Öhman and Mineka, 2001).
Finally, the executive attention system is thought to monitor
nd resolve conﬂicts between thoughts, emotions, and behavioral
esponses (Posner, 2012). This system is modulated by dopamin-
rgic functioning and is mostly, but not exclusively, marked by
ctivity in anterior regions of the brain such as the anterior cin-
ulate cortex (ACC), anterior insula, prefrontal cortex, and basal
anglia. The executive attention system underlies the ability to sup-
ress brain activity that is in conﬂict with the individual’s goals,
ence its close relation to self-regulation and effortful control pro-
esses (Posner, 2012). Indeed, Posner and Rothbart have proposed
hat effortful control characterizes self-regulatory abilities linked
o the functioning of the executive attention system (Posner and
othbart, 2007 Rothbart et al., 2014). As such, this system allows
he individual to override a prepotent response such as attending to
peciﬁc stimuli (e.g., threat) and perform a subdominant response,
uch as disengaging attention and reorienting to other stimuli.
Research focused on attention mechanisms beneﬁts from the
act that there is a fairly close coupling between the attention
omponents captured by laboratory tasks and observations, and
he underlying neural networks that support attention processes.
owever, layered onto this brain-behavior coupling are broad
evelopmental and individual differences reﬂecting how, when,
nd where attention is deployed by an individual as he or she
avigates the surrounding environment. The basic components of
ttention – alerting, orienting, and executive – may  work together
o support or implement more global patterns of affect-biased
ttention.
Traditionally, the alerting and orienting systems are thought to
eﬂect reactive or exogenously-driven proﬁles of attention. This is
argely due to the fact that the systems are early appearing devel-
pmentally and generally rooted in subcortical systems. Moreover,
ew studies have differentiated between individual differences in
lerting versus orienting (reviewed in subsection “How Do We  Cap-
ure Affect-Biased Attention?”). Given that both of these systems
re exogenously driven, have a similar developmental trajectory,
nd the lack of studies evaluating their unique impact in socioemo-
ional development, we will largely discuss them together, making
istinctions between them only when data are available.
In contrast, much of the literature has focused on the executive
ystem as a top-down regulator. Again, this is partially rooted inve Neuroscience 21 (2016) 26–41
development (later appearing) and anatomy (prefrontal localiza-
tion). In this model (Lonigan et al., 2004; Susa et al., 2014), effortful
control works to dampen initial reactive, or ‘biased’, responses.
For example, Lonigan and Vasey (2009) found that an attention
bias towards threat was  only present in children (9–18 year olds)
with fearful temperament and low effortful control. Fearful chil-
dren high in effortful control did not display an attention bias
towards threat (Lonigan and Vasey, 2009). However, recent work
(Henderson et al., 2015) suggests an alternative dual process model
– such that for fearful children, the executive attention system may
actually potentiate the child’s fear and wariness, rather than down-
regulate them, creating a positive feedback loop. This parallels the
model from Todd et al. (2012) suggesting that initial reactive ten-
dencies may  become practiced and canalized, coming to act in a
preemptory, regulatory manner with the support of higher-order
systems.
3. The emergence of affect-biased attention
It is unlikely that newborns display stable patterns of affect-
biased attention. Given infants’ limited behavioral repertoires,
attempts to capture early patterns of attention rely heavily on
observations of gaze behavior, supplemented by non-invasive psy-
chophysiological measures, such as event-related potentials (ERPs;
Leppänen and Nelson, 2009). Infants are able to discriminate among
emotional stimuli such as emotional facial expressions at 5–7
months of age (Nelson, 1987). The preference for speciﬁc basic
emotions seems evident soon thereafter. For example, 8- to 14-
month-olds orient faster towards angry faces over happy faces
when presented side-by-side (LoBue and DeLoache, 2010). Simi-
larly, 7-month-olds look longer at fearful facial expressions than
happy ones (Nelson and Dolgin, 1985). Additionally, 7-month-olds
are less likely to disengage from a fearful face than a happy or
neutral facial expression when presented with a distractor (Peltola
et al., 2008). This normative bias seems to predict positive out-
comes such as a secure attachment – where a higher bias towards
fearful faces at 7 months predicted being characterized as securely
attached at 14 months (Peltola et al., 2015). The bias towards
threatening information does not seem limited to faces as 8- to 14-
month-old infants are also quicker to orient towards snakes over
frogs, implying the presence of an early attentional bias towards
non-social threats as well (LoBue and DeLoache, 2010).
This pattern of affect-biased attention appears to be conserved
across the lifespan and across species. For example, work by LoBue
and DeLoache (2008) demonstrated that 3- to 5-year-old children
display the same pattern of biased attention as adults to a variety
of putatively threatening stimuli. Most of these studies measure
affect-biased attention by using visual search tasks performed with
touch screens, taking advantage of the motor skills of older chil-
dren. In one variant (LoBue and DeLoache, 2008), the participant
is required to ﬁnd a speciﬁc stimulus among an array of distrac-
tors (e.g., ﬁnding a snake among eight frogs). Attentional bias is
measured as the difference in reaction time in ﬁnding the tar-
get between categories of stimuli (e.g., snakes among frogs vs.
frogs among snakes). Using this paradigm, adults and children as
young as three can detect snakes more quickly than other simi-
lar stimuli like frogs and caterpillars (LoBue and DeLoache, 2008).
Moreover, 3-year-olds, just like adults, are quicker to detect spi-
ders than cockroaches and mushrooms (LoBue, 2010a). Similarly,
5-year-old children and adults are faster to detect angry faces
compared to other facial expressions (LoBue, 2009). Studies with
8–12 year olds have found analogous ﬁndings of quicker detection
of social (Waters and Lipp, 2008b) and non-social (Waters et al.,
2008a; Waters and Lipp, 2008a) threats in a similar visual search
task. This effect has even been reported in non-human primates
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Japanese monkeys), who in the same paradigm also detect evolu-
ionary threats faster than non-threatening stimuli (Shibasaki and
awai, 2009).
Together, although newborns do not reliably display affect-
iased attention, attention biases emerge shortly after infants are
ble to perceptually distinguish among stimuli. Compelling evi-
ence supports the proposition that infants show attentional bias
owards threatening stimuli even when they have little experience
r knowledge of the speciﬁc stimuli. This data can be interpreted
s humans possessing an evolutionary-based, specialized neural
ystem that is automatically activated in the presence of threaten-
ng stimuli to evoke fear (Öhman and Mineka, 2001). However, it
s worth noting that across studies the expression of threat bias
as independent of overt fear expressions in infants, children,
nd adults. Hence, the observed biases may  reﬂect early percep-
ual mechanisms, perhaps enhanced by cognitive mechanisms that
rivilege the processing of certain stimuli (e.g., threats), rather than
irectly elicited emotional responses (LoBue, 2013). Instead, early
ppearing perceptual biases may  act as a catalyst for fear learn-
ng, by drawing attention to threatening stimuli, making it easier
o develop fear towards this type stimuli (e.g., snakes; LoBue, 2013;
oBue et al., 2010).
The fear learning mechanism can be potentiated if paired with
nborn tendencies, an extreme experience, or combinations of
he two. For instance, there is evidence of individual differences
n affect-bias attention towards threat that stem from individual
ariations in allelic status (e.g., the serotonin-transporter gene; 5-
TTLRP; Pergamin-Hight et al., 2012). Emotional experiences may
lso shape patterns of affect-biased attention. For example, most 3-
ear-olds have had aversive experiences with syringes, causing fear
nd anxiety. However, most of them lack experience with knives.
s such, 3-year-olds are quicker to detect syringes among pens, but
ot knives among spoons (LoBue, 2010b). On the other hand, adults,
ith considerable experience with both stimuli, are faster to detect
oth syringes and knives (e.g., Blanchette, 2006). Similarly, 7- to 9-
ear-old children display an attentional bias towards novel animals
fter receiving negative information about them (Field, 2006b), and
his effect is more pronounced in anxious children (Field, 2006a).
Together, these ﬁndings suggest that there are both innate and
earned inﬂuences in the development of attentional biases. This
an lead some biases to be present in all individuals. At the same
ime, these biases might be more pronounced or more resistant to
ounter-evidence for some individuals, either because of inborn
emperament-based fear tendencies, previous experiences, or a
ombination of both. For example, in a sample of 4- to 7-year-olds
LoBue and Pérez-Edgar, 2014), we found that all children displayed
eightened attention towards social and non-social threatening
timuli. However, the bias towards social threat cues was sig-
iﬁcantly larger for temperamentally fearful children, who are
onstitutionally and/or environmentally more sensitive towards
ocial threat cues.
.1. Neural bases for the emergence of affect-biased attention
.1.1. Networks supporting the development of reactive attention
As noted above, the data suggest that attention biases emerge
uite rapidly after infants are able to perceptually distinguish
mong stimuli. This suggests that neural networks supporting these
arly appearing biases are also functional early in development.
iven the limited neuroscientiﬁc literature during early human
evelopment, we ﬁrst brieﬂy review the neural networks impli-
ated in affect-biased attention during adulthood.Affect-biased patterns of attention in adults, primarily the
spects of behavior supported by alerting and orienting mech-
nisms, are believed to be mediated by emotion-related brain
etworks (including the amygdala and the orbitofrontal cortex;ve Neuroscience 21 (2016) 26–41 29
OFC). For example, amygdala activation increases perceptual pro-
cessing of emotionally salient stimuli by increasing activity in
visual-representation areas (e.g., Lim et al., 2009; Vuilleumier et al.,
2004 Vuilleumier et al., 2004) via projections from the amygdala to
the visual cortex (Amaral et al., 2003). The amygdala underlies the
processing of salient and biologically-relevant stimuli, which can
be threatening, rewarding, or unpredictable (Adolphs, 2008). This
is in line with our proposal that affect-biased attention is a general
mechanism in socioemotional functioning rather than limited to a
speciﬁc class of salient stimuli.
Amygdala function is complemented by the OFC’s role in assign-
ing emotional valence to stimuli (Anderson et al., 2003) and
recognizing stimuli based on previous experience and contexts.
This recognition and assessment process can, in turn, modulate
perceptual processing via top-down regulatory mechanisms (Bar,
2003). Both the amygdala and the OFC receive low spatial fre-
quency visual information via the magnocellular pathway, allowing
their early involvement in visual processing (Bar et al., 2006). In
this way, as proposed by Todd and Anderson (2013), the amyg-
dala focuses attention on emotionally salient stimuli. The OFC, by
helping determine emotional valence and stimulus recognition,
inﬂuences amygdala and visual cortex processing (Bar et al., 2006).
This reciprocal and pervasive network suggests that these affective
inﬂuences are an integral part of visual processing (Barrett and Bar,
2009). These core neural systems are also associated with broader
biological proﬁles, which are reﬂected in secondary markers of risk
for psychopathology, such as right frontal encephalogram (EEG)
asymmetry (Pérez-Edgar et al., 2013; Schutter et al., 2001) and
allelic status (Fani et al., 2013; Jenness et al., 2015 Pérez-Edgar
et al., 2010b; Pergamin-Hight et al., 2012), also associated with
affect-biased attention.
If the structures and mechanisms of affect-biased attention evi-
dent in adults are also in place during infancy, the neural structures
proposed should be at least nominally functional by the time affect-
biased attention is observed behaviorally in infants (i.e., 7 months
of age). There is limited information regarding the form and func-
tion of these neural structures in human infants. However, data
from non-human primates can be highly informative. Although, to
our knowledge, there is no evidence directly linking affect-biased
attention in non-human primates to its related neural structures,
there is data regarding the development of the neural structures
involved in animal emotion (e.g., fear). This evidence can be partic-
ularly useful as the emergence of affect-biased attention in humans
occurs during the same developmental period as related emotions
occur. For instance, attention bias towards threat-related stimuli
emerges during the developmental period when fear appears − a
period in which across several mammal  species, infants begin to
actively explore the environment while spending less time with
their caregiver (Leppänen and Nelson, 2012). This developmental
period, in which both attention bias to threat and fear behav-
iors appear, is associated with changes in the amygdala in rats
(Sullivan and Holman, 2010) and rhesus monkeys (Bauman et al.,
2004; Suomi, 1999). Moreover ablation studies suggest the amyg-
dala and OFC mediate fear- and anxiety-related behaviors (Kalin
et al., 2004, 2007). Developmental work from non-human primates
suggests that the amygdala undergoes rapid development during
the ﬁrst months of life and stabilizes before total brain volume and
other speciﬁc structures, such as the hippocampus (Payne et al.,
2010). Similarly, the OFC appears relatively well developed at birth,
although it still shows important postnatal changes (e.g., connec-
tions with temporal visual areas and myelination of the anterior
region; Machado and Bachevalier, 2003). This converging evidence
implies that the adult-like discrimination of aversive and appetitive
cues observed in the second half of the ﬁrst year of life is related
to the development of a neural structure centered on frontolimbic
networks (Leppänen and Nelson, 2012).
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Although neuroimaging, especially of subcortical structures, is
hallenging in infants and young children, we do have evidence of
istinct cortical activation to emotional stimuli early in life. Most
f this evidence comes from event-related potential (ERP) stud-
es, in which electrocortical activity measured from the scalp (ERP
omponents) is time-locked to stimulus presentation (i.e., an event;
uck, 2014). Although ERPs do not directly reﬂect activity from sub-
ortical structures such as the amygdala, it is possible that ERP
omponents arise from circuits that involve the amygdala (e.g.,
ctivity from the visual cortex while viewing emotional stimuli as
escribed above).
For example, Leppänen et al. (2007) demonstrated that 7-
onth-old infants display a larger P400 (a component that has been
elated to visual processing of faces) and larger Nc (a component
elated to orienting towards salient stimuli) when exposed to fear-
ul faces compared to neutral and happy faces. This effect is akin
o the effect observed in adults (Leppänen et al., 2007) and is not
bserved in 5-month olds (Peltola et al., 2009). 7-month-old infants,
ut not 5-month olds, display a larger Nc in response to only eye
hites expressing fear, even in the absence of conscious perception
Jessen and Grossmann, 2014, 2016). This suggests that infants, by
he second half of their ﬁrst year, possess detection mechanisms
hat operate outside conscious awareness (Jessen and Grossmann,
015). Collectively (for review, see Leppänen and Nelson, 2009),
his evidence suggests that the neural systems that underlie more
utomatic components of affect-biased attention are functional at
he time these biases are observed behaviorally, during the ﬁrst
ear of life (Leppänen et al., 2007).
.1.2. Networks supporting the development of executive
ttention
The early emergence and stabilization of the orienting and alert-
ng systems suggests that they play a central role in evoking and
upporting early patterns of affect biased attention. In contrast,
he executive system is believed to reﬂect more effortful mech-
nisms that are mediated by areas anterior areas such as the
edial prefrontal cortex (mPFC), ventrolateral PFC, dorsolateral
FC, and ACC. These areas show a slower developmental course
ith important structural and functional changes during preado-
escence that last until the end of adolescence (Giedd et al., 1999;
enroot and Giedd, 2006) and emerging adulthood (Taber-Thomas
nd Pérez-Edgar, 2015). The anterior association areas, for example
he prefrontal cortex, are one of the last to reach peak grey matter
ensity, whereas the primary sensory motor areas are one of the
rst (Gogtay et al., 2004).
As in the previous discussion, evidence is derived from data
howing a coupling between behavioral and neural markers. For
xample, structural characteristics, such as the size of the ACC,
redict effortful attention behaviors across development, with the
iggest impact during early childhood (4–8 years; Fjell et al., 2012).
tudies using fMRI connectivity analyses suggest that the connec-
ivity between these anterior areas (i.e., mPFC) and the amygdala
o not resemble an adult-like pattern until age 10 (Gee et al.,
013). Moreover, resting state connectivity in these areas steadily
ncreases from infancy to childhood (Gao et al., 2009) and from
hildhood to adolescence (Fair et al., 2009). Similarly, studies eval-
ating the development of behavioral functions related to these
reas, such as effortful control, show clear patterns of improvement
nd maturation across childhood (Kochanska et al., 2001; Rueda
t al., 2004) and do not reach adult levels of functioning until later
n adolescence (Williams et al., 1999). Hence, it is expected that this
ystem does not play as large a role as the orienting and alerting
ystems in attentional bias patterns observed during infancy. As a
esult, it has been proposed that during the ﬁrst years of life, emo-
ion regulation strategies associated with affect-biased attention
re mostly driven by the orienting system.ve Neuroscience 21 (2016) 26–41
The earliest forms of self-regulation and effortful control are
rooted in the ability to disengage, shift gaze, and re-orient on a
new focus of attention (Rothbart et al., 1994). Thus, while ori-
enting in infancy can be reactive, it has regulatory consequences
(Harman et al., 1997; Rothbart et al., 2011). For example, three-
to six-month-old infants who orient away from provoking stimuli
show decreases in distress (Harman et al., 1997). Infants with low
levels of selective attention show steady increases in fearful tem-
perament through out childhood and increased social discomfort as
adolescents (Pérez-Edgar et al., 2010c). Although there have been
recent concerns regarding published data outlining early functional
connections in infancy and childhood (Power et al., 2012; Van Dijk
et al., 2012), there is clear consensus that the neural regions sub-
serving orienting are in place in the ﬁrst year of life (Elison et al.,
2013; Posner et al., 2012) and functionally mature between 3 and
6 months of age (Colombo, 2001; Courage et al., 2006).
Orienting, often measured as looking duration, in infancy pre-
dicts cognitive development (Colombo et al., 2004), including
executive function during childhood (Cuevas and Bell, 2014) and
adolescence (Rose et al., 2012). For instance, eye tracking measures
of ﬁxation duration at 7 months are related to effortful control at
42 months (Papageorgiou et al., 2014). This supports data suggest-
ing that there is a functional overlap during infancy in the networks
involved in orienting and executive attention (Gao  et al., 2009), that
later differentiate into two systems (Cuevas and Bell, 2014; Posner
et al., 2012).
It is in the transition from early childhood (∼3–4 years) to
emerging adulthood that the executive attention system increas-
ingly mediates emotion regulation behaviors (Posner et al., 2012,
2014). However, there is a dearth of longitudinal evidence
observing the shift between orienting and executive attention in
self-regulation. Sheese et al. (2008) measured anticipatory looking
in 6- to 7-month-olds during a sequential looking task, thought to
reﬂect voluntary control as opposed to reactive orienting. Anticipa-
tory looking was related to concurrent fear-related behaviors and
self-regulation of fear, such as looking away from disturbing stim-
uli and self-soothing. This led the authors to conclude that there
is “some degree of executive attention during the ﬁrst year of life”
(Sheese et al., 2008, p. 501). However, later studies did not ﬁnd
a relation between anticipatory looking in infancy and standard
measures of executive attention at 3–4 years of age. Indeed, infant
anticipatory looking showed stronger associations with the orient-
ing system than the executive attention system (Posner et al., 2012;
Rothbart et al., 2011).
In sum, the orienting system may  emerge early in development
and play a role throughout the life span in affect-biased attention.
The development of the executive system seems to be slower; thus
orienting may  lay the groundwork for affect-biased attention dur-
ing early development. As the executive system develops, it seems
to interact with the other attentional systems and have an impor-
tant function in the regulatory control of attention, potentially
overriding biases in other attentional systems for some children.
However, in other children, the executive system may  potentiate
early biases (Henderson et al., 2015).
3.2. Developmental models of affect-biased attention
Recently, Field and Lester (2010) proposed the following three
potential models for the development of affect-biased attention: (i)
The integral bias model (Field and Lester, 2010) suggests that indi-
vidual factors (e.g., temperament, anxiety) determine the extent of
any attention bias. This bias should be evident across the lifespan,
assuming that the task is developmentally appropriate. As such,
infants with early signs of negative affect would already show a
more pronounced bias to threat relative to infants without this
temperamental proﬁle. This pattern would continue across time
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nd across other markers of risk, such as fearful temperament and
ocial withdrawal. Much of the current clinical literature makes this
mplicit assumption. (ii) The moderation model (Field and Lester,
010) suggests that development moderates the expression of an
xisting bias to threat, such that under certain circumstances (e.g.,
n children at temperamental risk for anxiety) the initial normative
ias may  be linked to the later emergence of elevated fear and social
ithdrawal (LoBue, 2013; LoBue and DeLoache, 2008; Todd et al.,
012). This is in line with Kindt’s (Kindt et al., 1997, 2000) ﬁndings
hat all children have an attention bias to spiders. However, this bias
ersists or increases with age (8–12 years) for spider phobic, but
ecreases for control children (however, see Morren et al., 2003).
iii) Finally, the acquisition model suggests that developmental
xperiences shape the acquisition of an attention bias gradually
ver time (Field and Lester, 2010), either in tandem or subsequent
o the emergence of fear and anxiety. Here, affect-biased attention
s a symptom of disorder.
Based on their review of the literature at the time, Field and
ester (2010) argued that there was more evidence for the moder-
tion and the acquisition models than for the integral bias model.
owever, the developmental evidence regarding attention bias
owards threat in infants reported in this review does not ﬁt per-
ectly any of the three models. Thus, it is important to consider
ther models that ﬁt the existing data.
The evidence appears to be most consistent with a hybrid model
Field and Lester, 2010), such that there are innate biases based on
ndividual factors (e.g., fearful temperament) that are later moder-
ted by factors intrinsic and/or extrinsic to the child. Our proposed
odel, illustrated in Fig. 2, is a hybrid model. More speciﬁcally,
ur model suggests that there are early emerging individual dif-
erences in attentional bias towards threat that are determined
y constitutional and environmental factors, most likely guided
y reactive attentional systems (i.e., alerting and orienting). With
he development of the executive attention system in childhood,
ost children are able to modulate these early biases. Contex-
ual factors, such as parenting, interpersonal relations (e.g., peer
elations), and non-familial contexts (e.g., daycare and school),
lso work hand in hand to support self-regulation (Degnan et al.,
010; Degnan and Fox, 2007). Affect-biased attention acts to shape
road patterns of socioemotional functioning by creating a habitual
ltering process that colors the information children use to cate-
orize and act on their environments (Todd et al., 2012). For most
hildren, early biases support healthy and necessary patterns of
pproach and avoidance. However, for a subgroup of children at
isk for psychopathology, these early perceptual biases reinforce
isk, calcifying into a pattern of maladaptation throughout child-
ood and into adulthood. These attention mechanisms act to bind
hildren to speciﬁc trajectories that resist the normal ameliora-
ion of early risk through maturation and experience (Pérez-Edgar
t al., 2010c; Pérez-Edgar et al., 2014b). From this perspective,
hese stable developmental trajectories grow out the child’s indi-
idual early traits or biases. These biases evoke an environmental
esponse that is processed and interpreted by the child, framing
ubsequent behaviors. As illustrated in Fig. 2, this pattern of provo-
ation and response can become cyclical, growing progressively
ore entrenched (and biased) with each successive iteration.
. The Breadth of affect-biased attention
The proposed model accounts for the fact that while a percep-
ual sensitivity to particular cues may  be normative and adaptive,
isplaying a large and ﬁxed attention bias may  be associated with
sychopathology. For instance, in the anxiety literature, a percep-
ual sensitivity is considered an evolution-based safety mechanism.
owever, there is growing evidence that a pronounced bias in thisve Neuroscience 21 (2016) 26–41 31
attention mechanism may lay the foundation for anxiety. Our work
has focused on the temperamental trait of behavioral inhibition
(BI). BI is chacterized in infancy by increased sensitivity towards
novelty, social withdrawal and reticence in childhood (Kagan et al.,
1984), and a four-fold increased risk for anxiety in adolescence
(Chronis-Tuscano et al., 2009; Clauss and Blackford, 2012; Pérez-
Edgar and Fox, 2005). Over the last three decades, multiple labs
have documented strong similarities between BI and social anx-
iety across social (e.g., fewer friends and experience more social
rejection) (Chen et al., 2006; Pedersen et al., 2007; Rubin et al.,
2009), cognitive/behavioral (e.g., error-monitoring and decision-
making) (Lahat et al., 2014; Lamm et al., 2014; McDermott et al.,
2009), and neural (e.g., limbic, striatal, and PFC aberrations) (Fu
et al., 2015; Guyer et al., 2006, 2012; Jarcho et al., 2013, 2014; Pérez-
Edgar et al., 2007; Pérez-Edgar et al., 2014a; Schwartz et al., 2011,
2003) levels of functioning, even in the absence of disorder among
BI participants (Caouette and Guyer, 2014; Henderson et al., 2015).
Within BI, most studies fail to ﬁnd a zero-order relation between
temperament and attention bias (except, Pérez-Edgar et al., 2010a).
Rather, affect-biased attention seems to act as a moderator to social
withdrawal and anxiety, such that early temperament is associated
with patterns of socioemotional maladjustment only if also accom-
panied by attention bias (Cole et al., 2016; Morales et al., 2015;
Pérez-Edgar et al., 2010a; Pérez-Edgar et al., 2011; White et al., in
press).
Thus, the data suggest that individual differences in affect-
biased attention associated with risks might be rooted in normative
patterns of attention. That is, patterns of attention bias to threat act
as risk factors only when coupled with secondary markers of risk.
For example, LoBue and Pérez-Edgar (2014) found that their sam-
ple of young children (4–7 years) displayed heightened attention
towards both social (angry faces) and non-social (snakes) threats
in line with normative patterns. However, temperamentally fearful
children manifested a potentiated bias only to social threat (angry
faces), relative to non-fearful peers. Likewise, studies with older
children (9–12 years) have found an increased (Waters et al., 2008b;
Waters and Lipp, 2008a) and longer lasting (Kindt et al., 2000) bias
towards phylogenetically threatening stimuli (i.e., snakes or spi-
ders) for children who feared that speciﬁc stimuli. Moreover, this
pattern of individual differences emerging from normative pat-
terns of attention may  be evident early in life (e.g., Peltola et al.,
2015; Pérez-Edgar et al., 2010c), suggesting that early appearing
differences in attention orienting and control may work to bias
development by shaping interactions with, and interpretations of,
emotionally-salient components of the environment.
These studies, while illustrative, focus on a very specifc sliver
of functioning − fearful temperament, social withdrawal, and early
anxiety. However, if as suggested by our model, attention mecha-
nisms truly play a central domain-general role in socioemotional
development, the relations analogous to those noted above should
be evident across other areas of functioning.
A pivotal meta-analysis (Bar-Haim et al., 2007) found that atten-
tion bias towards threat was present in all the anxiety-related
disorders considered (PTSD, GAD, obsessive compulsive disorder,
panic disorder, social phobia, simple phobia, and anxiety with
comorbid mood disorders) and that there was  no difference in the
magnitude of the effect for these disorders. This suggests that atten-
tion patterns (e.g., attention bias towards threat) are not speciﬁc to
a type of anxiety. Instead, they act as a general anxiety risk mecha-
nism. Although Bar-Haim et al. (2007) found that this relation was
present across development, recent meta-analyses (Dudeney et al.,
2015) and reviews (Roy et al., 2015) of attention bias to threat in
anxious children (4–18 years) ﬁnd that there is equivocal support
for the presence and direction of the attention bias in this age group.
Compared to the adult literature, the effect size for bias in chil-
dren was smaller, needed longer stimulus presentation times to
32 S. Morales et al. / Developmental Cognitive Neuroscience 21 (2016) 26–41
Fig. 2. Conceptual cascade model depicting the normative relations of socioemotional functioning, affect-biased attention in orienting and alerting, and executive attention
across development. Attention bias, as measured by tasks like the dot-probe, likely emerges from an interaction of the three attentional systems (alerting, orienting, and
executive attention). There are early appearing biases based on individual factors (e.g., emotionality). These biases are later shaped by developmental processes (e.g.,
maturational, experiential, and social processes), represented in the “development” arrow. The inﬂuence of executive attention increases across development, illustrated by
the  change in color and shape of its paths.
It is worth noting that even though this illustration would suggest a statistical meditation processes, these factors may also act as moderators. For instance, as portrayed, early
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tocioemotional functioning impacts later affect-biased attention in orienting and al
unctioning is mediated by executive attention. There is some support for this in the
iterature, there is evidence to suggest that executive attention might moderate thi
merge, and increased with age. However, in both the adult and
hild literature, this evidence comes from just one domain of func-
ioning (i.e., internalizing behaviors), in which attentional patterns
re evaluated with threat-related cues that are thought to trigger
ocioemotional withdrawal when encountered. Stronger evidence
or affect-biased attention as a domain-general mechanism would
ome from studies in which affect-biased attention plays a role in
isorders or behavior patterns marked by bias towards appetitive
ues that signal approach.
In surveying the literature, support for attention biases towards
ppetitive cues appears in the substance abuse and obesity litera-
ures. For example, attention bias towards drug-related cues has
een found among alcohol (Field et al., 2004), tobacco (Bradley
t al., 2003; Mogg et al., 2005), caffeine (Yeomans et al., 2005),
nd opioid (Garland et al., 2013; Lubman et al., 2000) users. As
n example, Garland et al. (2013) found that opioid-dependent
hronic pain patients exhibited an attentional bias towards opi-
id cues (e.g., pictures of Oxycontin and Vicodin pills or bottles),
hereas non-dependent opioid users did not. Moreover, among
pioid-dependent individuals, the magnitude of the attentional
ias was associated with the self-reported relief obtained from pain
reatments (Garland et al., 2013). Similarly, heavy alcohol drinkers
howed an attentional bias towards alcohol cues in comparison to
ight social drinkers, and self-reported alcohol craving was corre-
ated with the magnitude of the attentional bias (Field et al., 2004).
n addition, studies are beginning to explore the effects of train-
ng the attentional bias away from substance-relevant cues. For
nstance, in an attention bias modiﬁcation paradigm similar to that
sed with anxiety disorders, training attentional bias away from
lcohol cues signiﬁcantly reduced the level of drinking compared
o the control condition (McGeary et al., 2014). In line with our
odel, attention bias to alcohol-related cues is positively related
o alcohol use during early adolescence (van Hemel-Ruiter et al., via executive attention. In turn, the relation of these biases on later socioemotional
erance–externalizing literature (e.g., Morales et al., 2016a). However, in the anxiety
rather than mediate it (e.g., Susa et al., 2012).
2015) and alcohol bias predicts alcohol use in the following year
(Janssen et al., 2015). Moreover, as predicted by our model, the rela-
tion between attention bias to alcohol cues and alcohol use seems to
be moderated by effortful control – such that alcohol bias is related
to alcohol use only for adolescents with low effortful control (van
Hemel-Ruiter et al., 2015).
A similar pattern of ﬁndings is present in the obesity litera-
ture, in which higher attentional bias towards food cues is present
in obese and overweight adults compared to individuals with a
healthy weight (e.g., Castellanos et al., 2009; Werthmann et al.,
2011). Indeed, higher attention bias towards food cues has been
related to higher craving and hunger in healthy weight and obese
individuals (Kemps and Tiggemann, 2009; Werthmann et al., 2011).
When required to fast, individuals (healthy or obese) displayed a
bias towards food (Castellanos et al., 2009). However, only obese
individuals were more likely to orient and maintain attention to
food cues after eating. Moreover, across the entire sample, self-
reported hunger and stimuli depicting higher calorie foods were
positively related to increased likelihood of orienting towards
food cues. Recent work training participants to attend towards or
away from food-related cues in an anti-saccade task increased and
reduced chocolate intake, accordingly (Werthmann et al., 2014). In
support for our developmental model, the relation between atten-
tion bias towards food cues and obesity appears to be present
during childhood – such that overweight 8- to 10-year-old children
displayed a larger attention bias to food cues compared to normal
weight children (Folkvord et al., 2015). Moreover, attentional bias
to food cues seems to have developmental implications as it pre-
dicted weight gain six months later in a group of obese children
(Werthmann et al., 2015).
However, the role of executive attention in this domain is still
unclear. One study found that effortful control moderated the rela-
tion between approach bias, another type of cognitive bias related
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o the behavioral tendency to move towards food, such that indi-
iduals with high approach bias and low effortful control consumed
igher amounts of unhealthy food than individuals with high effort-
ul control (Kakoschke et al., 2015). Although there was a similar
attern with attention bias to food cues, in which individuals with
igh attention bias to food and low effortful control consumed the
ost food, the interaction was not signiﬁcant (Kakoschke et al.,
015). Overall, the data suggest that attentional bias, as a general
echanism, is related to the motivational state of the individual
e.g., hunger). However, for some individuals, these rewarding cues
emain salient across states, leading them to unhealthy outcomes
Castellanos et al., 2009).
Studies examining attention bias towards happy faces are
carce. In the internalizing literature, increased attention towards
appy faces is most commonly conceptualized as reﬂecting a bias
owards rewards. Evidence suggesting that happy faces may  be
ocially rewarding comes from fMRI studies in which happy faces
ctivate the distributed “reward circuitry,” such as the ventral
triatum and OFC (e.g., Monk et al., 2008; O’Doherty et al., 2003;
hillips et al., 1998; Shechner et al., 2012 for a review). This evi-
ence has been used as the basis to use happy facial expressions
o study social reward processing in adults and children (e.g., chil-
ren with autism spectrum disorder, Sepeta et al., 2012). Studies
nd that anxious and depressed individual have a bias away from
ewards such as positive/happy words, faces, and pictures (Frewen
t al., 2008; Shechner et al., 2012). In addition, training anxious
ndividuals to attend towards reward leads to a reduction in anx-
ety symptoms, anxious behavior, and anxiety-related physiology
Heeren et al., 2012). Similarly, studies training anxious children to
ttend towards reward (i.e., happy faces) ﬁnd a signiﬁcant reduc-
ion in anxiety (Britton et al., 2013; Waters et al., 2013). Moreover,
ositive affect is related to attention bias to reward (i.e., emo-
ionally positive words; Tamir and Robinson, 2007) and training
dults to attend towards reward increases positive affect (Grafton
t al., 2012; Taylor et al., 2011). Finally, children abandoned in
nfancy to institutional care in Romania, but randomly placed in
igh-quality foster care displayed a bias towards reward at age 8
Troller-Renfree et al., 2015) and 12 years (Troller-Renfree et al.,
016), compared to post-institutionalized children not in foster
are. Moreover, individual differences in attention bias towards
eward among post-institutionalized children were concurrently
elated to more social engagement, more prosocial behavior, fewer
xternalizing and internalizing problems, and less social with-
rawal (Troller-Renfree et al., 2016, 2015).
In normative samples, however, emerging evidence suggests
 different pattern. A recent study (Morales et al., 2016a) indi-
ates that attention bias towards rewards (i.e., happy faces) is
elated to externalizing problems and temperamental exuberance,
 trait characterized by high approach and impulsive behavior and
elated to later emergence of externalizing disorders (Fox et al.,
001b; Polak-Toste and Gunnar, 2006). We  found that attention
ias towards reward in childhood (70 months) was related to
hildren’s exuberance during toddlerhood (20 months) and exter-
alizing behaviors during kindergarten. Moreover, the longitudinal
elation between toddler exuberance and childhood attentional
ias towards reward was mediated by effortful control, such that
ncreased exuberance predicted increased bias toward reward via
ower effortful control (Morales et al., 2016a). A recent study repli-
ated the negative relation between attention bias towards reward
nd effortful control in childhood (Cole et al., 2016).
These ﬁndings suggest that attention bias towards reward may
e an index of a high behavioral approach system coupled with
educed activity from the behavioral inhibition system, leading
o exuberance, and at the extreme, externalizing problems. These
ecent ﬁndings may  seem contradictory to the existing literature
hat reports attention bias towards reward is associated with posi-ve Neuroscience 21 (2016) 26–41 33
tive outcomes (e.g., less anxiety, increased positive affect, prosocial
behavior, and social engagement). However, most of these studies
have been carried out with selected populations, such as clinically
anxious individuals or post-institutionalized children. As suggested
by our model, the meaning of affect-biased attention depends on
individual differences in developmental experiences and context.
Thus, it is possible that attention bias towards reward differs in
its meaning and manifestation between a population exposed to
early depravation, in which a bias towards reward is associated
with positive outcomes (Troller-Renfree et al., 2016, 2015), and a
normative sample, in which a bias towards reward is associated
with early temperamental exuberance, lower effortful control, and
externalizing problems (Morales et al., 2016a).
Overall, the ﬁndings from multiple literatures (internalizing,
externalizing, addiction, and obesity) closely parallel each other,
supporting the proposed model. Across literatures there is evidence
of: a) differences in attention bias between target individuals and
controls to disorder-relevant cues, b) attention bias correlates with
symptom levels, c) these relations are present at different stages of
development, d) there is some evidence that training attentional
biases changes feelings, thoughts, and behavior towards cues of
interest, and e) the executive attention system seems to inﬂuence
the relation between attention bias and behavioral manifestations
of the disorder − in some domains executive attention serves as
a moderator, wheareas in other domains, it serves as a media-
tor. Together, this evidence implies that attention bias plays a role
in shaping broad patterns of emotion and behavior, most likely
building on idiosyncratic patterns of susceptibility (e.g., anxiety vs.
addiction vs. obesity).
5. What is the causal relation between affect-biased
attention and socioemotional functioning?
Statements such as “attentional bias towards threat is impli-
cated in the development, and maintenance of anxiety” are not
uncommon in the literature. Indeed, we  have made the same state-
ment in the current review. While this statement suggests a clear
directionality, with attention causing the disorder, the actual direct
evidence is quite thin. In other words, we do not know if atten-
tional bias causes the observed outcomes in socioemotional traits
(e.g., anxiety) or if attentional bias is a symptom of the socioe-
motional outcome (e.g., anxiety). A recent in-depth review of the
anxiety literature by Van Bockstaele et al. (2013) addresses this
issue and concludes that the strongest evidence suggests a bidirec-
tional relation. Most of the evidence reviewed thus far (although
often correlational) has been interpreted as attention causing anx-
iety. Evidence on the causal relation between attention bias and
anxiety has largely come from studies that employ 1) experi-
mental paradigms, such as ABM studies (Bar-Haim, 2010; Eldar
et al., 2008; Hakamata et al., 2010), which speciﬁcally manipulate
affect-biased attention to examine the effects on socioemotional
outcomes (Fig. 1); 2) prospective longitudinal studies in which the
long-term impacts of affect-biased attention are assessed; 3) stud-
ies examining the impact on affect-biased attention from therapies
that are aimed at curing the disorder without speciﬁcally targeting
attention bias; and 4) studies in which experimental fear learning
(i.e., fear conditioning) is followed by an attention bias to threat.
In ABM studies, experimental manipulations of the attentional
bias (i.e., reducing or augmenting the bias) in children and adults
are examined to see if they lead to the expected changes in anxious
thought and behavior (i.e., reduction or augmentation of anxi-
ety, respectively). Manipulating the contingency of threat cues is
thought to implicitly train the individual to attend away from threat
cues or towards safety cues. For example, Amir et al. (2009) ran-
domized individuals diagnosed with generalized anxiety disorder
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GAD) into either ABM or a control condition. After eight sessions,
he ABM group showed signiﬁcant reductions in attentional bias
owards threat and anxiety, as evaluated by self-reports and clini-
al interview (Amir et al., 2009). On the other hand, as previously
iscussed, training anxious adults and children to attend towards
eward leads to a reduction in anxiety symptoms, anxious behav-
or, and anxiety-related physiology (Britton et al., 2013; Heeren
t al., 2012; Waters et al., 2013). Moreover, training adults to attend
owards reward increases their levels of positive affect (Grafton
t al., 2012; Taylor et al., 2011). While some meta-analyses of ABM
tudies support the argument that attentional bias play a role in the
tiology and maintenance of anxiety (Bar-Haim, 2010; Hakamata
t al., 2010), others questioned the reliability and breadth of the
elation by ﬁnding important moderators (e.g., ABM delivered in
he clinic vs. at home; Cristea et al., 2015; Heeren et al., 2015;
inetzky et al., 2015; Mogoas¸ e et al., 2014).
More direct evidence of the casual relation between attentional
ias and anxiety in development would come from longitudinal
tudies. Although uncommon, several studies are beginning to
merge. For example the studies reviewed above indicate that
ttention bias at an earlier time point predicted weight gain
Werthmann et al., 2015) or alcohol use (Janssen et al., 2015)
onths later. Similarly, in the anxiety literature there are several
tudies demonstrating that attentional bias towards threat at an
arlier time point predicts later psychophysiological reactivity to
tress (Egloff et al., 2002 Fox et al., 2010). However, in the only lon-
itudinal study to our knowledge, attention bias to threat at age
 failed to predict later anxiety at age 7 (White et al., in press).
ather, concurrent affect-biased attention towards both threat and
eward moderated the relation between early fearful temperament
nd anxiety − such that early fearful temperament only predicted
nxiety for children who displayed a bias toward threat or those
ho did not display a bias toward reward. These results are in
ine with the ﬁndings previously discussed from concurrent mea-
ures of anxiety/social withdrawal and attention (Cole et al., 2016;
orales et al., 2015; Pérez-Edgar et al., 2010a; Pérez-Edgar et al.,
011).
At the same time, there is also evidence suggesting that chang-
ng proﬁles of socioemotional functioning without speciﬁcally
argeting attention (e.g., via anxiety therapy) produce changes
n affect-biased attention. For example, several studies ﬁnd that
uccessful anxiety treatments, which do not directly target affect-
iased attention, cause changes in attentional bias towards threat
Ban˜os et al., 2008; Mathews, 1995; Pishyar et al., 2008). Pishyar
t al. (2008) randomly placed individuals diagnosed with social
nxiety in either a cognitive-behavioral group therapy (CBGT) or
 waitlist control group. As expected, before therapy, both groups
isplayed equally high levels of anxiety as well as a bias towards
hreat. After eight weeks of therapy, CBGT showed signiﬁcant
eductions in anxiety and attention bias towards threat, as well
s an increase in bias towards reward, whereas the control group
howed no changes. Moreover, the change in anxiety correlated
ith the change in attentional bias, suggesting that changes in
nxiety levels can lead to changes in attentional biases.
Further evidence comes from experimental studies that use
ear-conditioning to induce fear and anxiety and then evaluate the
mpact of fear learning on affect-biased attention towards the con-
itioned stimuli (Koster et al., 2005; Van Damme  et al., 2004b; Van
amme  et al., 2006). In these studies, during acquisition, a cue (the
einforced conditioned stimulus, CS+) is intermittently paired with
n aversive experience (e.g., white noise burst or mildly painful
lectric shock; the unconditioned stimulus, UCS). The other cue
the unreinforced conditioned stimulus, CS−)  is presented with-
ut aversive experience. Participants learn to associate the aversive
xperience with the CS+ cues and report increased fear towards that
ue. Importantly, participants show an attentional bias towardsve Neuroscience 21 (2016) 26–41
this cue by displaying increased orienting (Koster et al., 2005; Van
Damme  et al., 2004b) and reduced disengagement from the CS+ cue
(Koster et al., 2005; Van Damme  et al., 2004a). During extinction
phase, both cues (CS+ and CS−)  are presented without the aversive
experience. In this phase, attentional bias towards the CS+ cue is
reduced (Koster et al., 2005) and in some studies disappears (Van
Damme  et al., 2006). Furthermore, a reinstatement phase in which
the previously extinguished CS+ is paired again with the UCS, can
cause fear and the attentional bias towards the CS+ cue to reap-
pear (Van Damme  et al., 2006). Finally, as discussed above, children
display an attentional bias towards novel animals after learning
negative information about them (Field, 2006a,b). This provides
persuasive evidence that affect-biased attention may be a conse-
quence of fear and anxiety.
Together, these ﬁndings suggest a reciprocal relation between
affect-biased attention and socioemotional functioning (Van
Bockstaele et al., 2013). As outlined in our model, affect-biased
attention impacts socioemotional outcomes and these outcomes,
in turn, impact affect-biased attention. Placing such intricate rela-
tions into a theoretical framework that may  be empirically tested
is a challenging task. For the most part, the literature has a tacit
understanding of the affect-attention link based on concurrent cor-
relational data and mechanistic laboratory-based manipulations of
attention. As such, we  are missing a truly developmental approach to
this issue. Prospective longitudinal studies will be crucial to further
our developmental understanding of affect-biased attention.
6. Future directions
Systematic, developmental work that examines attention bias
patterns, as well as socioemotional (e.g., temperament) proﬁles
repeatedly over time, would allow us to delineate the time course of
any emerging interrelations between attention and socioemotional
behavior, providing evidence for the proposed model. Importantly,
a longitudinal study extending over time can incorporate addi-
tional biopsychosocial markers of risk. This may  allow us to create
differential predictions of trajectories and outcomes across lev-
els of analysis. There is a large gap in the literature as infant
attention studies have focused on capturing normative develop-
mental milestones, while the infant temperament literature has
examined individual differences in affect and the later moderating
mechanisms (e.g., social relationships, self-regulation) that shape
subsequent socioemotional trajectories. The same parallels can be
seen in the literature with older children and in the adult clini-
cal literature. As such, there is a clear need for studies that couple
attention and affect over time and across levels of analysis. How-
ever, in order to do this, there are a number of open questions that
need to be addressed. In the next sections, we  outline two  of such
questions that we believe are fundamental to evaluate and reﬁne
the proposed model; thus, furthering our understanding of affect-
biased attention and its impact on socioemotional development.
We ﬁrst discuss how to measure affect-biased attention such that
we are able to capture its dynamic components as well as distin-
guish among the different attentional systems. We  then discuss
how to capture the real-life context in which attention bias occurs.
6.1. How do we capture affect-biased attention?
Of course, a call for more research then begs the question of how
do we best go about capturing the dynamic components of affect-
biased attention. Most evidence for the link between affect-biased
attention and socioemotional functioning is derived from studies
using a variant of the dot-probe task (Fig. 1; Roy et al., 2015; Todd
et al., 2012). For instance, in the original dot-probe task, MacLeod
et al. (1986) found that anxious individuals were faster to respond
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o probes following threatening words. On the other hand, control
articipants, were faster to respond to probes following neutral
ords, exhibiting a bias away from threat (MacLeod et al., 1986).
hildren diagnosed with an anxiety disorder also display an atten-
ional bias towards threat compared to non-anxious controls (Roy
t al., 2008). In addition, temperamentally at-risk, but healthy, ado-
escents displayed the same bias pattern (Pérez-Edgar et al., 2010a).
inally, the magnitude of attention bias has been found to predict
evels of anxiety symptoms (Waters et al., 2008b), suggesting a
elation across the anxiety dimension and in childhood as well as
dulthood.
Despite the early enthusiasm for the dot-probe task as a simple
nd efﬁcient task for capturing affect-biased attention, recent con-
erns suggest that the task may  not be reliable (Rodebaugh et al.,
016; Schmukle, 2005; Staugaard, 2009). For example, there is a
ood deal of inconsistency in the literature as some data point to
nxiety-linked attention avoidance (Brown et al., 2013; Chen et al.,
002; Mansell et al., 1999; Salum et al., 2013; Stirling et al., 2006;
aters et al., 2014) and other data show null ﬁndings when com-
aring anxious/at-risk participants against healthy controls (Gotlib
t al., 2004; Morales et al., 2016b; Pérez-Edgar et al., 2011 Pineles
nd Mineka, 2005; Pishyar et al., 2004; Waters et al., 2004).
Part of the difﬁculties may  derive from the fact that the
ot-probe task is not designed to disambiguate potential subcom-
onents of attention that may  shape bias − namely orienting and
isengagement (Cisler and Koster, 2010). Second, the variability
n the data may  simply reﬂect the “noise” of any task that relies
n a reaction-time based difference score. Attention bias differ-
nce scores are derived from a contrast of behavioral responses
or across trial types, which assumes that RTs provide an accurate
easure of attention allocation (Harrison and Gibb, 2014). Even if
his assumption were correct, RTs measures cannot track the pat-
ern of attention across a trial, reducing all contributing processes
o a single number. That is, individual differences in cue processing,
esponse speed, and competing approach/avoidance mechanisms
ay  all be in play (Mogg et al., 2008). This blurring of multiple pro-
esses can obscure any true signal of bias. In response, multiple
trategies have been used to attempt and better capture the “core”
ias seen within and across individuals.
One approach is to analyze the dot-probe task in alternative way
y comparing trials containing threat-neutral pairs to trials con-
aining neutral–neutral pairs (for details see Koster et al., 2004).
everal studies performing this analysis have found evidence for
iases in disengagement, rather than orienting, among anxious
ndividuals (e.g., Cooper and Langton, 2006; Koster et al., 2004;
alemink et al., 2007). Others have suggested that variability in
ias throughout attention tasks best capture the ﬂuctuating pat-
erns of attention that mark individual differences and risk (Amir
t al., 2016; Naim et al., 2015; Zvielli et al., 2014, 2015).
Another approach is to use different tasks that also aim to
apture an attentional bias. Although there are several tasks that
apture affect-biased attention (for a review, see Van Bockstaele
t al., 2013 Yiend, 2010), few of them are able to evaluate individual
ifferences in attentional patterns. One such task is the attentional
ueing task developed by Posner (Posner, 1980). In the traditional
ersion of the task, a single cue appears on either side of the screen
left or right) normally for 250–500 ms.  Following the cue, a tar-
et probe appears either behind the cue or on the opposite side
f the cue. The validity score is then computed by contrasting the
Ts from probes that appear on the other side of the cue minus the
robes that appear behind the cue. This difference, called validity
ffect, represents the effort required to disengage from the cue. In
he emotional version of the task, the cues are presented as positive
r negative stimuli such as punishment and reward cues, cues as
acial expressions, or words with emotional valence. In such a task,
ndividual differences in emotionality also relate to differences inve Neuroscience 21 (2016) 26–41 35
attentional bias (as indexed by the validity effect), supporting the
role of disengagement (Cisler and Olatunji, 2010; Derryberry and
Reed, 2002; Fox et al., 2001a). For instance, Derryberry and Reed
(2002) found that trait anxious participants displayed an early and
late attentional bias towards threat with cues presented for 250 ms
and 500 ms,  respectively. Moreover, the late bias, 500 ms, was mod-
erated by attentional control, such that only anxious individuals
low in attentional control displayed a bias (Derryberry and Reed,
2002). This ﬁnding is in line with our model as it suggests that the
ability to disengage may  be able to supersede biases in other atten-
tional systems. However, this process is slow and effortful such
that it might not be effective under fast presentations of stimuli
(Derryberry and Reed, 2002).
The use of multiple tasks may  also help us examine more
thoroughly the expected underlying attention sub-components.
A promising approach is to compare or look for convergence
across attention bias tasks. However, few studies have evaluated
individuals on multiple attention bias tasks and compared their
performance. Most of these studies found no relation between tasks
(Broeren et al., 2011; Brown et al., 2014; Dalgleish et al., 2003). One
exception is one of our studies that examined the relation between
the dot-probe task and the affective Posner task in a sample of BI and
non-BI children (Morales et al., 2016b). We  found that there was no
relation between the two tasks for the sample as a whole. However,
there was  a signiﬁcant relation between tasks only for BI children,
indicating that convergence across attention bias measures may
be dependent on individuals’ predispositions (e.g., temperament).
Moreover, children who displayed a consistent bias across tasks,
regardless of direction (bias towards or away from threat), had
higher levels of anxiety, suggesting that convergence across atten-
tion bias measures may  serve as an index of information processing
patterns that inﬂuences socioemotional outcomes (Morales et al.,
2016b).
Thus, there is evidence for the role of both orienting and disen-
gagement in the emergence of bias patterns of attention. However,
there is limited evidence regarding the involvement of the alert-
ing system. Most studies examining the alerting system do so by
contrasting trials in which a warning is given before a target event
and trials without the warning. This aims to capture the alertness
(vigilance) or preparedness to respond of the individual (Posner,
2008). However, few studies have evaluated individual differences
in alertness or vigilance, as deﬁned above. In particular, there is a
dearth of studies that consider individual differences in alertness
with respect to individual differences in emotionality (e.g., ADHD,
Swanson et al., 1991).
One measure of alertness comes from the Attention Network
Test (ANT), which is aimed to test the altering, orienting, and exec-
utive attention systems (Fan et al., 2002; Rueda et al., 2004). In its
original form, this task does not involve emotion. In an attempt
to create an emotional variant, studies have included affective
contexts by adding facial expressions before each trial, providing
positive or negative feedback, or using emotional stimuli as the
alerting cue (Cohen et al., 2011; Dennis and Chen, 2007; Dennis
et al., 2008). Whereas most of these studies do not ﬁnd differences
in alertness, Dennis et al. (2008) found that state anxiety positively
correlated with alertness and that fearful faces decreased alerting
efﬁciency.
Future investigations should adapt or develop paradigms that
might capture individual differences in alertness based on emotion-
ality. For instance, it would be feasible to develop an eye-tracking
paradigm that could evaluate if certain individuals are quicker to
ﬁxate on stimuli that they are biased towards – for example, based
on the evidence reviewed above regarding alertness and its rela-
tion to amygdala activity, individuals characterized with a fearful
temperament might be quicker to detect threatening and novel
stimuli.
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While the use of multiple tasks helps balance the over-reliance
n the dot-probe task, it does not directly deal with the argument
hat we rely on a measure, RTs, which is too remote from the process
f interest. Eye-tracking methods can measure where the individ-
al is visually attending and may  provide a level of analysis a step
loser to underlying processes, relative to behavioral responses.
he few studies employing this methodology have mostly found
hat attention bias is rooted in individual differences in orienting
Castellanos et al., 2009; Shechner et al., 2013; Werthmann et al.,
011). For example, Shechner et al. (2013) found that anxious 8-
o 17-year-olds were faster to ﬁxate to threatening versus neutral
timuli, and were more likely to ﬁxate on the threatening stim-
li ﬁrst, indicating a bias in the early stages of attention. Similarly,
verweight participants are more likely to direct their gaze towards
ppetitive cues (food pictures) than healthy controls and their self-
eported craving was related to initial orientation towards these
ues (Castellanos et al., 2009; Werthmann et al., 2011).
Eye-tracking technology has the advantage that it can be
mployed across the lifespan (Oakes, 2012). Thus, the same task
an be used repeatedly from infancy onward, supporting the call
or systematic, longitudinal study of affect-biased attention. How-
ver, even here, traditional eye-tracking protocols suffer from
he same core limitation found with computer-based reaction
ime measures. That is, these studies all rely on computerized
aradigms that present static and simple visual displays, which
estrict the potential targets to be attended. Hence, these tasks
ap into how children and adults orient to preselected stimuli,
ather than how they select a focus of attention when under threat
rom among an array of choices (Birmingham and Kingstone, 2009;
odd et al., 2012). Furthermore, measuring attention functioning
emoved from social interactions does not directly test if and how
elective attention and behavioral responses inﬂuence each other
 the very premise of the current affect-biased attention litera-
ure. Indeed, it may  be that threat-related attention and behavioral
pproach/avoidance tendencies in context are better predictors of
ocioemotional adjustment in children (Kiel and Buss, 2011) than
cool” computer-based measures of attention.
.2. How do we best capture the context of affect-biased
ttention?
We  know that threat-related attention plays a role in the tran-
ition from early fearful temperament to later social withdrawal
nd anxiety. In addition, we know that temperamentally fear-
ul children recruit aberrant bottom-up automatic and top-down
egulatory mechanisms when attending to affectively and/or moti-
ationally salient stimuli. However, the existing research cannot
peak to whether there are temperament-related individual dif-
erences in affect-biased attention towards novelty and potential
hreat in real-life environments, nor can they assess how attention
nd approach/avoidance behavior inﬂuence each other in real-time
s children encounter novel environments and interact with unfa-
iliar people.
Emerging adult (Foulsham et al., 2011; Freeth et al., 2013;
saacowitz et al., 2015; Laidlaw et al., 2011; Lange et al., 2004)
nd infant studies (Franchak and Adolph, 2010; Franchak et al.,
011; Kretch and Adolph, 2015 Franchak et al., 2011; Kretch and
dolph, 2015 Kretch et al., 2014) have assessed attention patterns
sing mobile (i.e., ambulatory) eye tracking in real-life settings.
obile eye tracking systems extend the advantages of stationary
ye tracking by offering an ecologically-valid, real-time measure-
ent of how attention processes unfold as individuals navigate thenvironment. Isaacowitz et al. (2015) found that when participants
ere given the discretion to select objects to attend, there were no
ifferences in the affective valence of the objects attended between
oung and older adults. This was inconsistent with results fromve Neuroscience 21 (2016) 26–41
computerized paradigms indicating that older adults had a greater
tendency to ﬁxate on positive versus negative stimuli (Isaacowitz,
2012). In Lange et al.’s study (2004), adults with spider phobia
increased their ﬁxations to both the threat (a live tarantula) and
safety stimuli (the exit of the room), and increasingly scanned the
room in the threat-present versus threat-absent condition. The
emerging data indicate that patterns of attention and behavior may
differ with the level of threat, proximity to threat, and the perceived
ability to modulate engagement with threat.
Mobile eye tracking paradigms that provide the freedom to
selectively attend to and behaviorally approach competing threat
and benign stimuli could reveal different or more nuanced atten-
tion patterns than screen-based tasks. The differences between
screen-based and real-life stimuli reside not solely in their physical
attributes (e.g. simple vs. complex, or static vs. dynamic), but more
fundamentally, real-life settings provide the potential for social
interactions (Risko et al., 2012; Schilbach et al., 2013). Using mobile
eye tracking measures, Laidlaw et al. (2011) found that adult par-
ticipants initiated fewer ﬁxations to the experimenter who were
physically sitting in the room (the potential for social interac-
tions as present) than participants who  viewed the videotaped
experimenter (no potential for social interactions). In a subsequent
study (Freeth et al., 2013), participants ﬁxated more to the live
experimenter’s face during a conversation when the experimenter
imitated eye contact than when the experimenter averted his gaze
away. The effect of eye contact manipulation was  not signiﬁcant
in adults who  spoke with the videotaped experimenter. The reci-
procity of social interactions requires the interactors to execute
moment-by-moment socially adequate reactions (Klin et al., 2003).
Hence, their practical know-how may  inﬂuence looking behaviors.
Devoid of the potential for social interactions, paradigms using
screen-based stimuli may  not be valid for delineating the function-
ing of attention in real-world social contexts.
7. Concluding remarks
This review suggests that we should consider several factors
when examining affect-biased attention and its relation to socioe-
motional functioning: 1) Affect-biased attention is not a single
construct, but arises from the interaction of multiple attentional
systems. 2) Affect-biased attention and its role in socioemotional
functioning might change over the course of development as sub-
components of attention emerge and strengthen, and are coupled
with experience. 3) Affect-biased attention is not limited to atten-
tion bias towards threat and anxiety-related outcomes. Rather,
it is a domain-general mechanism that shapes the type of infor-
mation an individual has available when characterizing, acting
on, and responding to the environment. 4) The relation between
affect-biased attention and socioemotional functioning seems to
be reciprocal rather than unidirectional. Based on these factors,
we propose a model (Fig. 2) suggesting that attentional biases
are present early in life and emerge from reactive attentional
processes rooted in orienting mechanisms. These biases are mod-
ulated as the child matures (e.g., the development of executive
attention) and gains experience (e.g., variations in peer rela-
tions), triggering potentially cyclical socioemotional trajectories
leading some to positive outcomes and adaptive socioemotional
functioning, while leading others to maladaptation and poor func-
tioning.
Finally, this review advocates for a more ﬁne-grained under-
standing of affect-biased attention and its nuanced relation to
socioemotional functioning across development. This includes
broadening targeted outcomes (e.g., both externalizing and inter-
nalizing patterns), examining multiple levels of analysis (e.g.,
behavioral and experiential), and expanding our experimental
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epertoire (e.g., capturing attention in context). This more com-
lex understanding might help us better understand the nuances
f affect-biased attention and serve as a stronger foundation for our
lready ongoing attempts to identify and intervene with individuals
t risk.
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